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(54) Title: DOCTOR BLADE 
(57) Abstract 


A doctor blade for use in cleaning of a roll in a paper machine. The doctor blade comprises a thermosetting plastic polymer materia!, 
whose glass transition temperature Tg is 20...30 °C higher than its operating temperature, and the resistance of the material to impacts is 
high. 
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Doctor blade 


The invention concerns a doctor blade for a paper machine as defined in the 
preamble of claim 1. 

Faces of rolls in a paper/board machine tend to be coated with impurities derived 
from the process and with material from a doctor blade. Doctor blades are used in 
order to remove these materials from roll faces. With increasing running speeds of 
paper machines, it has. proved to be a problem that the materials used in doctor 
blades do not endure these speeds of paper machines higher than 1400 metres per 
minute but start melting and are abraded rapidly, in which case they no longer 
operate in cleaning of the roll face. 

Thus, an object of the present invention is to provide such a material for a doctor 
blade as endures higher running speeds of a paper machine and, thus, high operating 
temperatures. 

An object of the present invention is to provide a doctor blade which, besides a high 
operating temperature, also possesses good mechanical strength and rigidity. 

From the prior art, many doctor blades made of different materials are known, 
including composite structures, and with respect to the prior an reference can be 
made, for example, to US Patent 4,549,933, published DE Patent Application 
4137970, FI Patent 101,637, and to the Japanese publications 05-214696, 
05-321189, and 05-132891. 

In the US Patent 4,549,933, a doctor blade for a paper machine is described, which 
blade consists of a number of alternating layers of fibre and carbon fibre so that a 
fibre layer can consist of cotton, paper, fibreglass, or equivalent. 
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On the other hand, in the published DE Patent Application 41 37970 , the use of fibre- 
reinforced plastic, e.g., in a doctor blade is suggested, in which blade, the fibre- 
reinforced plastic contains 60... 90 per cent by weight of polyamide-6 or of 
polyamide-66 and 10... 40 per cent by weight of reinforcement fibres. A polyamide, 
which is a thermoplastic resin, is used in order to increase the thermal conductivity. 

In the FI Patent 101,637, a caring doctor blade is described, which comprises a 
number of fibre layers as a laminate construction and whose construction comprises 
at least one layer of carbon fibre or at least one layer that contains a substantial 
proportion of carbon fibre and that contains grinding particles in direct vicinity of 
the carbon fibres and in which the carbon fibres are oriented substantially obliquely 
in relation to the direction of the longitudinal axis of the blade, favourably in the 
cross direction of the blade. 

In the JP publication 05-214696, a doctor blade is described, in which polyethylene 
of very high molecular weight or fibre-reinforced polyethylene of very high molecu- 
lar weight has been employed, which polyethylene is a thermoplastic resin. 

In the JP publication 05-321189, a doctor blade is described which is made of a 
thermoplastic fibre composite material which contains 30... 80 per cent by weight of 
polyphenylene sulphide, which is a thermoplastic resin, and 20... 70 per cent by 
weight of either glass fibres, aramide fibres, or graphite fibres. 

In the JP publication 05-132891, a doctor blade is described which consists of a 
material that contains fibreglass, in which material the fibres made of filaments have 
been immobilized in a resin parent material, such as epoxy resin. 

As comes out from the above prior art, a number of different thermoplastic resin 
materials have been suggested for the matrix material. In spite of their possible good 
properties of resistance to heat, thermoplastic resins have not achieved commercial 
importance as doctor materials because of their high cost and because of their 
difficult workability. A thermosetting plastic from which high resistance to heat Ln 
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operation is expected also requires a considerably high melting-processing tempera- 
ture. In practice, in commercial products, almost exclusively epoxy resins have been 
used. 

A problem of doctor blades that comprise an epoxy matrix is their rapid wear and 
the resulting shorter service life. With increasing running speeds of machines the 
problem has become even worse. A higher speed increases the friction heat between 
the revolving roll and the doctor blade. The epoxy starts becoming soft and melts. 
The phenomenon of softening is increased by the wet conditions, for epoxy has a 
tendency of a certain degree to absorb water. The softening and the melting have the 
effect that the roll face is coated with the matrix material. This again causes changes 
in the properties of adhesion, separation and surface energy in the roll face, which 
properties are ever more critical in view of the runnability of the machine. 

A second serious drawback of epoxy is its poor suitability for pultrusion and for 
similar methods by whose means continuous manufacture of doctor blades would be 
possible. 

In view of achieving the objectives stated above and those that will come out later, 
the doctor blade in accordance with the invention is mainly characterized in what is 
stated in claim 1 . 

The problems that have come out in the prior an have been overcome in the present 
invention by means of new matrix materials. These materials are thermosetting 
plastic materials of which it is characteristic that their glass transition temperature Tg 
is sufficiently, at least about 20... 30 °C, higher than the temperature to which the 
matrix is subjected in a situation of operation, and which materials have good impact 
strength. As the matrix does not come close to its Tg temperature during operation, 
its wear as a result of softening/melting is slower. Also, in such a case, the wear 
takes place in a controlled way without breaking of the tip of the blade. Controlled 
wear is important in order that the blade should remain sharp through its whole 
service life. Owing to high impact strength, the blade tip is not broken equally easily 
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if some material adhering to the roll face passes under the blade in a running 
situation. 

Owing to their nature of thermosetting plastic, the materials in accordance with the 
present invention are suitable for being processed by means of all methods that are 
used with thermosetting plastics, including pultrusion, and they do not require 
considerable elevated temperatures, as the thermoplastic resin materials do. In the 
manufacture of oblong pieces, suitability for pultrusion is a highly desirable feature, 
because it permits continuous manufacture, in which case the overall economy of the 
manufacture is better and the product is of uniform quality. 

In accordance with a preferred embodiment of the invention, the doctor blades are 
composite structures and consist of a polymer matrix and of reinforcements and of 
possible filler materials. The reinforcements can be conventional fibre reinforce- 
ments, such as glass, carbon or aramide fibres or structures woven out of said 
materials or mixtures of said fibre reinforcements. For example, a multi-layer 
structure can be made of such a mixture, in which structure fibreglass and carbon 
fibre reinforcements and the alignment of said reinforcement fibres vary/alternate in 
different layers. 

In accordance with an embodiment of the invention, as the matrix material in this 
composite structure a new polymer material of the type of thermosetting plastic is 
used. This material consists of a polyester-based polyol dissolved in styrene and of 
polyisocyanate. In the first stage of the reaction, when the polyol component reacts 
with isocyanate, in a what is called chain extension reaction, urethane bonds are 
formed. In the second stage of the reaction, the double bonds in the polyester polyol 
react with the styrene as radical polymerization and cross-link a network structure 
typical of thermoplastic resins in the material. 

The polymer that is formed is vinylesterurethane, which has a what is called hybrid 
structure in which there is both a urethane bond known from polyurethanes and a 
bond typical of vinylesters. The first and the second stage of the reaction take place 


WO 00/15904 


PCT/FI99/00729 


5- 

typically at the same time. There are several different accelerator and initiator 
systems by whose means the speeds of the reactions can be controlled. By their 
means and by means of selection of the polyester polyol it is possible to regulate the 
properties of the material of the doctor blade so that they become as desired in view 
of the purpose of use and of the processing method. 

Besides the good mechanical properties of vinylesterurethane (strength, module and 
toughness values equal or exceed typical values of polyester/epoxy materials with 
high toleration of temperature) said material has an excellent toleration of tempera- 
ture, the HDT temperature is up to 220 °C. Thus, it is suitable for a material for 
doctor blades in particular in modern high-speed paper machines, in which the 
surface temperatures of doctor blades become quite high. 

The good mechanical properties of vinylesterurethane and its excellent toleration of 
chemicals are retained at elevated temperatures, and it tolerates thermal ageing well. 

The raw-materials of vinylesterurethane are in solution form, and it can be processed 
by means of methods typical of thermosetting plastics. In the manufacture of doctor 
blades in accordance with the present invention, preferably pultrusion is used. 
Further possible methods are, for example, manufacture by means of prepregs 
(setting and autoclave treatment), by means of resin injection (RTM), or by means 
of reactive injection moulding. 

In pultrusion, the speed of manufacture with vinylesterurethane is up to four times 
higher than with vinylesters, which lowers the cost of manufacture. The adhesion of 
vinylesterurethanes to different fillers is good, and, for example, ceramic and 
metallic fillers or cut-off-fibre reinforcements can be employed in addition to woven 
fibre reinforcements. 

In accordance with an embodiment of the invention, the matrix of a composite 
structure is a thermosetting plastic named polyether amide (Polyether Amide Resin 
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= PEAR), which has been obtained from a reaction between bisoxazoline and a 
phenolic compound. The structure of this polymer is illustrated in a formula below 
describing structural units of polyether amide and structure of cross-linked polymer. 
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Cross-linked polymer 
Polyether amide 
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The polymer illustrated in the formula has the following good properties expressly 
as a material for a doctor blade: 

— excellent thermal stability in constant operation up to 180 °C 

— good adhesion to glass fibres and carbon fibres and to metals (aluminum, 
steel) and to ceramics because of its chemical structure 

— good toughness (5-fold G lc value as compared with epoxy) 

— glass transition temperatures 225... 295 °C, depending on the hardening cycle 
and on the material modification 
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— the modulus of elasticity of pure non-reinforced polyether amide in the 
category of thermosetting plastics is very high (about 5100 MPa) 

— does not contain volatile components 

— low coefficient of thermal expansion (42 x 10" 6 /°C) as compared with other 
polymers. 

Polyether amide is available as a solution and as a "hot melt" version. Polyether 
amide in solution form is, as a rule, used for the preparation of prepregs, in which 
case fibre reinforcements are impregnated with a solution that contains a polymer 
and a suitable solvent. The hot melt polymer is directly usable, for example, in a 
RTM method or in pultrusion, provided that the components are heated (about 
160 °C) in order to lower the viscosity to a suitable level. 

In the manufacture of the doctor blades in accordance with the present invention, the 
following techniques can be applied, which techniques are also suitable for other 
thermosetting plastics: 

— manufacture by means of prepregs (setting and autoclave treatment) 

— pultrusion 

— compression moulding 

— RTM (resin transfer moulding) 

From the point of view of the manufacture, with polyether amide the following 
advantages are obtained: 

— very low exothermic generation of heat during hardening reaction (5 times 
lower than with epoxies and 10 times lower than with bismaleimides) -> 
even thick parts are possible 

— low hardening shrinkage (< 0.8 %; with epoxy about 3 %) 

— autoclave treatments 180 °C 

— after-hardening in an oven 180... 230 °C 
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Since polyether amide has good adhesion, among other things, to ceramics and to 
metals, into the matrix, if necessary, e.g., various ceramic or metallic filler particles 
can be mixed without considerable deterioration of the mechanical properties of the 
material. 

It has been noticed that doctor blades in accordance with the present invention have 
a remarkably improved resistance to wear and a prolonged service life as compared 
with blades that contain an epoxy matrix. 

Above, the invention has been described with reference to some preferred exemplify- 
ing embodiments of same only, and many modifications and variations are possible 
within the scope of the inventive idea defined in the following patent claims. 
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Claims 

1. A doctor blade for use in cleaning of a roll in a paper machine, which blade 
comprises a thermosetting plastic polymer material, characterized in that the glass 
transition temperature Tg of the polymer material is 20... 30 °C higher than its 
operating temperature and that the resistance of the material to impacts is high. 

2. A doctor blade as claimed in claim 1, characterized in that the polymer material 
is vinylesterurethane. 

3. A doctor blade as claimed in claim 1, characterized in that the polymer material 
is poly ether amide. 

4. A doctor blade as claimed in claim 1, characterized in that the doctor blade 
contains reinforcement fibres and/or filler materials. 

5. A doctor blade as claimed in claim 4, characterized in that the blade has been 
manufactured by means of pultrusion. 
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